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Abstract
This project focuses on the development of an undergraduate-level laboratory procedure involving EMU's
new automated DNA sequencer. The gene used for this procedure is CYP2B4 from the rabbit genome, which
codes for Cytochrome P450-2B4 (CVP450). Cytochrome P450s are an important class of proteins found in
many species throughout the animal kingdom, including humans. The wild-type CYP2B4 will be sequenced,
and then mutated to replace threonine-302 with alanine. Threonine-302 is suspected to playa key role in P450
function. Thus far, procedures have been developed for site-directed mutagenesis to convert threonine-302 to
an alanine residue, transformation of bacteria with the target gene, isolation of the plasmid from the
transformed bacteria, harvesting the bacteria to express the gene, and preparation of the protein for
spectrophotometric analysis. While development of a viable DNA sequencing protocol has met with limited
success, the protocol used for the site-directed mutagenesis of CVP2B4 has brought promising results.
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Abstract
Thisprojectfocusesonthedevelopmentofanundergraduate-levellaboratory
procedureinvolvingEMU'snewautomatedDNA sequencer.Thegeneusedforthis
procedureisCYP2B4fromtherabbitgenome,whichcodesforCytochromeP450-2B4
(CVP450).CytochromeP450sareanimportantclassofproteinsfoundinmanyspecies
throughouttheanimalkingdom,includinghumans.Thewild-typeCYP2B4will be
sequenced,andthenmutatedtoreplacethreonine-302withalanine.Threonine-302is
suspectedtoplayakeyroleinP450function.Thusfar,procedureshavebeendeveloped
forsite-directedmutagenesistoconvertthreonine-302toanalanineresidue,
transformationfbacteriawiththetargetgene,isolationoftheplasmidfromthe
transformedbacteria,harvestingthebacteriatoexpressthegene,andpreparationfthe
proteinforspectrophotometricanalysis.WhiledevelopmentofaviableDNA sequencing
protocolhasmetwithlimitedsuccess,theprotocolusedforthesite-directedmutagenesis
ofCVP2B4hasbroughtpromisingresults.
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Introduction
Themainobjectiveofthisresearchactivityistodeviseanundergraduate-level
biochemistrylaboratoryprocedureinvolvingEMU's recentlyacquiredautomatedDNA
sequencer.Theultimategoalistocreateareproducibleprocedurethatundergraduate
studentscanperformtosequenceageneandexpresstheencodedprotein,thenchange
thesequenceofthegeneandexpressthemutatedprotein.
Thetargetgenefor thisprojectis calledCYP2B4, fromtherabbItgenome.It
codesforaproteincalledCytochromeP450-2B4.CytochromeP450isafamilyof
hemoproteinsfoundinmanyplantandanimalspecies,includinghumans.lis sheer
abundancethroughouttheanimalkingdomindicatesitsimportancetolife.Cytochrome
P450sarefoundinvirtuallyeverymammaliancelltypeandareparticularlyabundantin
theliverandkidneys.Theseenzymesservetheorganismsinwhichtheyarefoundby
metabolizingtoxicsubstancestowater-solubleproductsthatallowthemtobeexcreted
fromtheorganismintheurine.Muchhasbeenlearnedabouthisfamilyofenzymesover
thepast50years.PerhapsthemostnotablediscoverywasthatfunctionalP450sintheir
reducedformandinthepresenceofcarbonmonoxidexhibitanabsorbancep akat450
nm(Parke).Also,geneticstudieshaverevealedthatwhileallP450shavesimilar
tundamentalfunctionandtertiarystructure,theirprimarystructuresoftendiffer
significantly.Despitethis,someaminoacidresiduesremaincommontoallP450s.These
aminoacidsarebelievedtoplaykeyrolesinenzymefunctionandtertiarystructure.One
suchaminoacidisthreonine-302(T302)whosehydroxylgroupisbelievedtohave
specialimportance.
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CytochromeP450-2B4isexaminedinordertogainamorecomplete
understandingofthemanymetabolicfunctionsoftheP450familyofenzymes.Oneof
themosthighlyconservedprimarystructuresegmentsinthefamilyofP450sconsistsof
severalpolarresiduesforminganinternalsolventchannel.Thischannelgivessolvent
watermoleculesdirectaccesstotheactivesiteallowingforprotontransferandsubstrate
hydroxylation(Raag,etal.;Fig. 1).Therecentlyacquiredcrystallographicstructureof
CytochromeP450-2B4suggeststhatT302is situatedin acriticalpositionwithinthe
solventchannelandnearthehemeportionof theenzyme(Fig. 2).It is hypothesizedthat
if thisresiduewerechangedtoalanine,anaminoacidwithoutahydroxylgroup,the
overallactivityofCytochromeP450wouldbegreatlyreduced.
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Fig. 1. CytochromeP4S0ReactionCycle.SH and SOH representthesubstrateand
product, respectively.Threonine302mayprovidea polar residuethat,
alongwith watermoleculesin theactivesite,allowaccessof a proton,which
is crucial in promotingoxygen-oxygenbondcleavageto producethe
reactiveoxygenatomthat is insertedinto thesubstrate(Raag,etat.),
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Fig. 2. CrystallographicStructure of CytochromeP450-2B4and theTarget Siteof the
T302A Mutation. As shown,T302 is situatedverycloseto thehemegroup in the
activesiteof theenzyme.Protein Explorer (http://molvis.sdsc.edu/protexpl
frntdoor.htm) wasusedto viewthestructureof P450-2B4,whosePDB codeis IPOS.
Totesthishypothesis,thewild-typeCYP2B4genemustfirstbesequencedand
theCytochromeP450-2B4enzymexpressed,Thenattentionisturnedtothesite-directed
mutagenesisofCYP2B4inordertoconvertT302toalanine(T302A).DNA sequence
determinationfthemutatedgeneandcomparisonwiththewild-typegenesequencewill
confirmthatheT302Amutationwassuccessful(Fig.3).Withconfirmation,themutated
genecanthenbeexpressed.Activitiesofthemutatedenzymeandthewild-typenzyme
canthenbecompared.
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Fig. 3. The T302A Mutation. The codon for Threonine 302 is A'C'C.
Converting adenine to guanine results in a codon for alanine.
The site of mutation is at base-pair position 904 in the CYP284
gene.
Inaccordancewiththemainprojectobjectiveofcreatingaviablenovice-level
laboratoryprocedure,soundprocedureshavesofarbeendevelopedforsite-directed
mutagenesis,transformingbacteriawitheitherthewild-typeormutagenicplasmid
containingboththetargetCYP2B4geneandanampicillinresistancegene,isolatingthe
plasmidfromthesebacteria,harvestingthesebacteriatoexpresstheCYP2B4gene,and
celllysisfortheseparationandanalysisoftheexpressedprotem.Althoughtheprocedure
forautomatedDNA sequencinghasbeenproblematicandcontinuestobedeveloped,
promisingresultshavebeenobtainedwiththeprocedureforsite-directedmutagenesisof
CYP2B4.
At thecurrentstageofthisproject,plasmidscontainingthewild-typeand
mutagenicCYP2B4havebeenisolated.In futurestages,twodifferentinnocuous
modificationsofthe2B4genewill beexaminedwiththeaimofdeterminingthemost
efficientandreliableproteinpurificationprocess.A GST-taggedproteincodedbythe
gene,GST~2B4,canbepurifiedwithaGSH-agaroseaffinitychromatography.Running
theGST-taggedP450-2B4throughtheGSHcolumnfollowedbyathrombin-containing
solutionwill allowforefficientpurification.Thethrombinproteolyticaliycleaves
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betweentheGSTandP450proteinstoyieldpurifiedP450intheeluate.A His-tagged
proteincodedbythegene,His~2B4,willbepurifiedinamuchdifferentprocess,which
doesnotrequiredetergent.Thetwoprocesseswill betestedandcomparedforprotein
quality,yield,andoverallefficiency.It canthenbedeterminedwhichproteinpurification
methodis mostappropriateforthenovice-levellaboratory.
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MaterialsAnd Methods
CalciumChlorideTransformation
Forsequencingthewild-typeCYP2B4gene,competentMV1304E.colicells
weretransformedwiththetargetCYP2B4plasmid.Thecalciumchloridetransformation
procedurewasfollowed(AppendixI). Transformedcellswerethencultivatedinan
ampicillinmedium.Sincethetargetplasmidscontainanampicillinresistancegenein
additiontoCYP2B4,onlythecellsthathavebeensuccessfullytransformedcant1ourish
andformcolonies.
PlasmidIsolationandSequencing
BacterialcellswerethenlysedandDNA wasseparatedforsequencingbyion-
exchangechromatographyinsmallcartridges(Qiagen,AppendixII). AutomatedDNA
sequencingusestheSangersequencingmethodwithdifferentcolored yesattachedto
eachof fourdideoxynucleotideterminators(ddNTP).Theisolatedplasmidismixedwith
thefollowingsequencingreagents:aprimer,allfourdeoxynucleotides(dNTP),fourdye-
labeleddNTP,andTaqpolymerase.Theprimerusedwas17baseslong(bp269-285,Y
AAA GGC CTC CGC TTG GT 3') with59%GC contentandwassynthesizedby
BiomedicalResearchCoreFacilities(UniversityofMichigan).Thereactantswere
submittedtothennocyclingunderconditionsShO\Vl1in Table1toproduceDNA
fragmentsendingwithacoloredfluorescentdideoxynucleotideterminators.The
fluorescenceofeachdye-labeledterminatorcorrespondstoaparticularnucleotidebase.
Thedye-labeledfragmentswerethenpurifiedviaethanolprecipitation,loadedintoa
singlewell,andresolvedbycapillaryelectrophoresisinanautomatedDNA sequencer.
8
Fragmentsresultingfromthesequencingreactionareseparatedby sizebycapillary
electrophoresis(AppliedBiosystemDNA sequencer).Fluorescencefromthedye-labels
isthendetecteduponexcitationwithlaserlight.Sinceeachbaseisrepresentedbyone
specificolor,thesequenceofcolorsdetectedasthefragmentspassthroughthedetector
correspondstothegenesequence(Fig.4;AppendixIII).
Table1.TheromocyclingconditionsforsequencingCYP2B4.
ProteinExpressionandCell Lvsis
AftersequencingCYP2B4,cellstransformedwiththetargetplasmidwere
cultivatedandinducedtoexpressCytochromeP450-2B4withisopropylthiogalactoside
(IPTG).Afterincubationat24°Cfor2days,cellswereharvested.Thecellwallsof
harvestedcellswerelysedwithlysozyme.DNasewasappliedtodegradetheDNA
containedinbrokencells.Theremainingorganellesandcellulardebriswerephysically
homogenizedandadetergentwasaddedtofacilitateproteinsolubilizationandtoclarify
thesolution.CytochromeP450-2B4wasthenisolatedbycentrifugation,anditsintegrity
determinedbyspectrophotometricanalysis(AppendixIV).
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Temperature Time Cycles
96°C 10seconds
50°C 5 seconds 25
60°C 4 minutes
4°C 00 Hold
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AutomatedDNA Sequencing.TemplateDNA,Primer,dNTPs,ddNTPs,andDNA
polymerasearereactedandthermocycled.Theresultingdye-labeledfragmentsare
appliedtoacapillarygelandundergoelectrophoresis.Asthedye-labeledfragments
passthrougha laserbeam,theirfluorescenceisdetectedandthesequenceofcolors
areanalyzedtodeterminetheDNAsequence(Nelsonet01.,2003).
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Site-DirectedMutagenesis
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Fig.5. Site-directedmutagenesiswasperformedin threemainsteps(Invitrogen).
Adeninelocatedatposition904onCYP2B4wassubstitutedwithguaninein
ordertoconvertthreonine-302toalanine.TheGeneTailorSite-DirectedMutagenesisKit,
manufacturedbyInvitrogenLifeTechnologies,wasusedtoinducethismutation.The
protocolconsistedofthreemainsteps:methylation,mutagenesis,andtransformation
(Fig.5).Inthefirststep,methylation,theCYP2B4plasmidwasmixedwithS-
adenosylmethionine(SAM) andDNA methylasein anaqueousolution(Fig. 6).ThIS
wasdonetotagthenon-mutantDNA forlaterdegradation.Themethylatedplasmidwas
thenmixedwithtwooverlappingprimers(onecontainingthemutation),all fourdeoxy-
nucleotides(dNTP),andTaqpolymerase.
Tochangebase904fromadeninetoguanine,twooverlappingprimerswereused.
Theforwardprimer,T302AF,is31baseslongandextendsfrom884-914andcontains
thepointmutation.Thereverseprimer,T302ARis28baseslongandextendsfrom876-
903andcontainsnobasechange.Theoverlappingregionis 10baseslong,stretching
from884to903(Fig7).
Thenthesereactantswerethermocycledtoproduceamixtureofunmethylated,
mutantCYP2B4andmethylatednonmutantCYP2B4(Table2).CompetentDH5a-Tl
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E.co/icellsweretransformedwiththethermocycledproductsandcultivatedinan
ampicillinmedium.DH5a-T1cellsexpressMcrBCendonuclease,whichdigeststhe
methylatedtemplateDNA, thusretainingthemutantCYP2B4only(Invitrogen;
AppendixV). Transfonnedcellswerelysedandthemutantplasmidwasisolatedbyion-
exchangechromatographyinsmallcartridges(LifeTechnologies;AppendixII).
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Fig.6. MethylationinvolvesreactingtheplasmidDNA withS-adenosylmethionine
(SAM)andDNA methylaseinanaqueousolution.This isdonetotagthe
non-mutantDNA forlaterdegradation.
5' TC TTC TTC GCC GGC ACC GAG GCC ACC AGC AC
..
3'
3' C GAG AGC GAG AAG AAG CGG CCG TGG CTC 5'
Fig. 7. Primers for mutagenesis.Overlappingforward and reverseprimers synthesizedby
IntegratedDNA Technologies.Forward primer (top)containsthemutation (A becomesG)
indicatedby arrow andhasa meltingtemperatureof75.0°C.Reverseprimer hasa melting
temperatureof 71.1°C.
Table2.Thermocyclingconditionsfor mutagenesisofCYP2B4
Teml?,erature Time C.rcles
94°C 2minutes
94°C
55°C
68°C
30seconds
30seconds
5 minutes
20
68°C
4°C
30minutes
00 Hold
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ResultsandDiscussion
Transformation
Thetransformationbythecalciumchlorideprocedurewassuccessfulin
transformingtheMV1304E. colibacteriawithbothHis-andGST-taggedplasmids.
Isolatingtheplasmid
Bothexperimentalplasmidsweresuccessfullyisolatedandpurifiedfrom
overnightculturesofE.coliinLB mediumwiththeQiagenprotocol.Thesewere
analyzedspectrophotometricallytoassessDNA qualityandconcentration(Table3).
DNA concentrationsweredeterminedfromEquationI (below).
[DNA] =A2rox 50 ~lg/ml (1)
Table3.SpectrophotometricAnalysisofPlasmids
I pGSTLl2B4I0.905I0.517 i US I 45.~ I
.AzwlAz8oratioindicatesDNA purity.PureDNA hasa ratioin therangeof 1.8- 2.0.
13
Az6o AlSo AzooiAlSo
'
Final DNA concentration(Jig/ml)
pHisLl2B4 0.388 0.203 1.91 19.4
DNA Sequencing
SeveralattemptshavebeenmadetosequenceboththepHis~2B4andthe
pGST~2B4geneswithourautomatedsequencer.Unfortunately,despiterigorousefforts
tominimizerror,noneoftheseattemptsweresuccessful.Sequencingreactiontrialswith
twodifferentthermocyclersandthreedifferentclean-uprocedureswereperformedand
allresultswereofthesamepoorquality.LaterresearchinthewintertermBiochemistry
Laboratory(CHEM453)indicatedthathequalityoftheDNA forsequencingwasstill
notsufficient[orsequencingeventhoughtheabsorbanceratioswereappropriate.
Continuedresearchwill focusonimprovingthisprotocol.
Threeuniquepurificationprotocolswereusedtoresolveunincorporated
nucleotidesfromdye-labeledfragments:CentrisepSpinColumns,ethanol/sodiumacetate
precipitation,andethanol/EDTA precipitation(AppendixIII).
ProteinExpressionandCellLysis
Proteinexpressionandcelllysisproceduresweresuccessful.Prominentpeaks
wereobservedat450nmuponspectrophotometricanalysisofboththeHis-andGST-
taggedP450~2B4enzymes.A largepeakat420nm(A42o=0.023)wasobservedforthe
His-taggedproteinwhileanegligiblepeakwasobservedinthatregionfortheGST-
taggedprotem.ThissuggestshatasIgnificantamountoftheHIs-taggedenzymewas
denaturedduringhomogenization.If thisisthecase,adjustments,suchasusingasmaller
Douncehomogenizer,caneasilybemadetoreducedenaturationa dincreaseyield
(Table4).
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Fig. 8. Typical Ferrous-Carbonyl DifferenceSpectrumof CytochromeP450 (Parke 9).
CYP450 wasreducedwith sodiumdithionitein boththereferenceand sample
cuvets,and carbonmonoxidewasbubbledinto thesamplecuvet.
Table4.SpectrophotemetricAnalysisofP450Expression.
P450 Amount of
Theabsorbancedifferencebetween450nmand490nmisusedtocalculatethe
concentrationfexpressedP450inthecellsusingBeer'sLawusingtheferrouscarbonyl
differencespectrum(Fig.8).TheBeer'sLawabsorptioncoefficientis91mM't One
gramoftheculturedcellswasanalyzed.
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Is
(14M)
\li'.L<}
(nmol/g)
His,1.2B4 0.042 0.016 0.026 0.571 275 1.570
GST ,1.284 0.017 -0.001 0.018 0.396 1.50 0.594
Site-DirectedMutagenesis
Methylation,mutagenesis,andtransformationwereallsuccessfullycompleted.
Mutagenesisproductswerevisualizedelectrophoreticallyona0.7%agarosegelwith
ethidiumbromide(Fig. 9).MutagenicCYP2B4 wasisolatedwithConcertHighPurity
mini-preps(Life Technologies)andspectrophotometricallyanalyzed.TheA26o:A28oratio
indIcatespoorDNA qualIty.The low peakabsorbanceat260nmfurtherindicateslow
DNA yield.Whenthewild-typeplasmidswereisolatedearlier,Qiagenmini-prep
purificationcolumnswereusedandtheDNA purityandyieldwereexcellent.
Plasmidscontaining
mutagenicCYP2B4
MutagenicControlPlasmid
Fig.9. MutagenesisResultsVisualizedbyAgaroseGelElectrophoresis
(1.5%)Againsta l-kb Ladder.Thecontrolplasmidis::::5kbwhile
theexperimentalCYP2B4plasmidsare::::7kb.
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Conclusion
Regardingthemainobjectiveofdevelopinganundergraduate-levellaboratory
experiment,greatprogresshasbeenmadeduringthe2003-2004academicyear.The
InvitrogenGeneTailorsite-directedmutagenesiskitprovedtobearelativelysimpleand
efficientmethodandappearstobewellsuitedfornovice-levellaboratorywork.
Transformation,plasmidisolation,andproteinpurificationprotocolswerealsoquite
successful.However,ourautomatedDNA sequencingprotocolhasbroughtlimited
successandrequiresfurtherexperimentationandadjustments.Inaddition,itwasfound
thatcolumnpurification(Centrisepcartridges)followingPCRamplificationallowsno
greateramountofDNA sequencetobedetemlinedthanethanolprecipitation.It also
appearsthat,forCYP2B4plasmidisolation,theQiagenmini-prepcartridgesoutperform
thoseoftheConcert(LifeTechnologies)variety.
Thisprojectisongoing,but,inaccordancewiththemainprojectgoal,manyof
theproceduressuccessfullydevelopedthisyearhavealreadybeenincorporatedinto
EasternMichiganUniversity'sundergraduatebiochemistrylaboratorycurriculum.Future
goalsaretoadjusthesequencingprotocoltoimproveresultsandtostreamlinethe
overallexperimentalprocedure.Inaddition,plansincludethedevelopmentofanassay
torpurityingandcomparingtheactivitiesofmutantandwild-typeP450stoassesshow
theT302AmutationhasdisruptedP450activity.
17
References
AppliedBiosystems.ABI PrismBigDyeTerminatorv3.0ReadyReactionCycle
SequencingKit Protocol.2002.
AppliedBiosystems.AutomatedDNA SequencingChemistryGuide.2000.
AppliedBiosystems.fu2inColumnPurificationProtocol.
Hill, A.J.M., andN.R. Helps.A GuidetoAutomatedDNA Sequencing.January2000.
InvitrogenLifeTechnologies.GeneTailorSite-DirectedMutagenesisSystemInstruction
Manual.June2003.<www.invitrogen.com>
InvitrogenLifeTechnologies.OneShotMAX EfficiencyDH5a-TI CompetentCells
InstructionManual.<www.invitrogen.com>
LifeTechnologies.ConcertHighPurityPlasmidPurificationSystemsInstruction
Manual.<http://www.lifetech.com>
Maniatis.T, F. E. Fritsch,and1.Sambrook.MolecularCloning:A laboratorymanual.
ColdspringHarborLaboratory,1982.
Maniatis.T, F. E. Fritsch,and1.Sambrook.MolecularCloning:A laboratorymanual.2nd
ed.3vols.ColdspringHarborLaboratory1989.
Nelson,D.L. andCox,M.M. Lehninger:Principlesof Biochemistry.New York, Worth,
2003.
Parke,YD. CytochromesP450:MetabolicandToxicologicalAspects.NewYork:CRC
Press,1996.
Qiagen.QIAprepMiniprepHandbookforPurificationofPlasmidDNA. October2001.
Raag,R., etal."CrystalStructureof theCytochromeP-450CAMActiveSiteMutant
Thr252Ala."Biochemistry30:11420-11429.
Vaz,A.D.N.,S.Pemecky,G.M.Raner,andM.J. Coon."Peroxo-ironandoxenoid-iron
speciesasalternativeoxygenatinga entsinCytochromeP450-catalyzed
reactions:SwitchingbyThreonine-302toAlaninemutagenesisofCytochrome
P4502B4."Biochemistry93:4644-4648.
18
Appendix:DetailedMaterialsandProtocols
I. CALCIUM CHLORIDE TRANSFORMATION
A. Materials
. 500mlLB (Luria-Bertani)Broth
SeveralLB AgarPlates
SeveralLB AgarAmpicillinPlates
OvernightBacterialCulture
250ml50mMCaCh
250mlErlenmeyerflask(autoclaved)
.....
]. LB Broth(500ml)
5gBactoTryptone
2.5gBactoYeastExtract
5gNaCI
Combineallthreeingredientsina 1000mlErlenmeyerflask.Diluteto500ml
withdeionizedwater.AdjustpHto7.5withNaOH.Autoclave.
2. LB AgarPlates(100ml)
1gBactoTryptone
0.5gBactoYeastExtract
I gNaCI
1.5gBactoAgar
Combineall ingredientsina250mlErlenmeyerflask.Includeastirbar
becausetheagarsolidifies.Diluteto 100mlwithdeionizedwater.Autoclave.
Coolsolutiontoroomtemperatureonastirplatewithconstants irring.Pour
solutionintopetriplatesothathebottomoftheplateiscoveredoverwith
solution.Theplatesaresealedwithparafilmandstoredupsidedownina
refrigerator.Storingupsidedownwill preventanyaccumulatedcondensation
fromfallingdownontotheplates.
19
3. LB AgarAmpicillinPlates(100ml)
1gBactoTryptone
0.5gBactoYeastExtract
1gNaCI
1.5gBactoAgar
1.5gAmpicillin
Combineall ingredientsina250mlErlenmeyerflask.Includeastirbar
becausetheagarsolidifies.Diluteto100mlwithdeionizedwater.Autoclave.
Coolsolutiontoroomtemperatureonastirplatewithconstants irring.Pour
solutionintopetriplatesothathebottomoftheplateiscoveredoverwith
solution.Theplatesaresealedwithparafilmandstoredupsidedownina
refrigerator.Storingupsidedownwill preventanyaccumulatedcondensation
fromfallingdownontotheplates.
4. OvernightBacterialCulture
a. Cellsfrom-80°CMv1304E.colistockwerestreakedontoLB-agar
plate;dilutetosinglecoloniesbyquadrants reaking.Growovernight
at37°Cuntilcoloniesappear.
b. Picksinglecolonyandaddto3mLofLB brothinaculturetubeand
incubatewithshakingat37°Covernight.Thisisthe"overnight"
culture.
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B. Protocol
1. Inoculate100mlofLB brothina250mlflaskwith1mlofanovernight
bacterialculture.Growcellswithvigoroushakingat37°Cfor2hours.The
solutionshouldbecloudy.
2. Chill CaCb solution.Centrifugethecellsuspensionat3000g for4-5minutes
at4°C.
3. Discardthesupernatant.Re-suspendthecellsin50mlof chilled50mM
CaChsolution.
4. Placethecellsuspensioni icefor15minutesandcentrifugethesuspension
at3000gfor5minutesat4°C.
5. Discardthesupernatant.Re-suspendthecellsin 1/15oftheoriginalvolumeof
anicecold,sterilesolutionofCaCh.Dispense0.2mlaliquotsinto3pre-
chilledtubes.
6. AddDNA inaplasmidsolution.Mixandstoreonicefor30minutes.
7. Heatshockin a42°Cwaterbathfor2minutes.
8. Add 1ml of LB brothtoeachtubeandincubatefor60minuteswithout
shaking.Thisperiodallowsbacteriatorecoverandbegintoexpressantibiotic
resistance.
9. Spread100III of cellsontoanLB agarampiciilinplate.
10.Leaveplatesatroomtemperatureuntilliquidhasabsorbed.
11.Invertheplatesandincubateat37°C.Colonieshouldappearin 12-16
hours.
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n. ISOLATION OF PLASMID
A. Materials
. 20mlLB ampicillin
Overnightculture
QiagenQIA-prepSpinMiniprepKit
..
1. LB broth-ampicillin(20ml)
20mlLB broth
40~lAmpicillin(25mg/mlstock)
Combineingredientsinasteriletube.
2. OvernightCulture
Chooseacolonyfromyourcellcultureusingasterilewoodenapplicator.
Addto5mlofLB broth-ampicillin,swirling.Letgrowovernightat37°C.
B. Protocol
1. Harvestcellsfrom5mlofovernightsolutionbycentrifugingatmaximum
speedfor30seconds.
2. Resuspendpelletedbacterialcellsin250~lBufferPIwithpipetmanand
transfertoamicrocentrifugetube.
3. Add250~lBufferP2andgentlyinverthetube4-6timestomix.
4. Add350III BufferN3andinverthetubeimmediatelybutgently4-6times.
5. Centrifugefor10minutesandmaximumspeedinamicrocentrifuge.A white
flocculentpelletwill form.
6. Applythesupernatantsfromstep5totheQIAprepcolumnbypipetting.
7. WashtheQIAprepspincolumnbyadding0.5mlBufferPBandcentrifuging
for30-60seconds.Discardtheflowthrough.
8. WashtheQIAprepspincolumnbyadding0.75mlBufferPE andcentrifuging
for30-60seconds.ThiswashedallexcepttheDNA outofthecolumn.
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9. Discardtheflow-through,andcentrifugeforanadditionalI minutetoremove
residualwasbuffer.
10.PlacetheQIA-prepcolumninaclean1.5mlmicrocentrifugetube.Toelute
DNA,add50~lBufferEB tothecenterofeachQIAprepcolumn,letstandfor
I minute,andcentrifugefor1minute.
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III. DNA SEQUENCING
A. Materials
. Experimentalplasmids
Controlplasmid
BigDyeSequencingKit
Oligonucleotideprimer(3pmol/lll)
Steriledeionizedwater
Thermocylcer
AppliedBiosystemsCentri-SepTMSpinColumns
3M sodiumacetate(NaAc),pH4.6
95%non-denaturedthanol(EtOH)
70%EtOH
100%EtOH
125mMEDTA
AppliedBiosystemsABI PrismAutomatedDNA Sequencer
.
.....
...
...
B. SequencingReactionProtocol
Thefollowingstepsareperformedforeachexperimentalplasmidandonecontrol
plasmid.
1. Mix thefollowingingredientsinaPCRtube:
Plasmid(100- 400ng)
BigDyeMix
Primer(3pmol/Ill)
SterileWater
TotalVolume
1-5III
4.0III
LOlli
J2.gl
10.0III
2. Centrifugebriefly(afewseconds)justtobringcontentsogetheratthebottom
ofthetube.Placetubesinthermocycler.Thermocyclingconditionsare
outlinedinTable1onpage9.
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C. DNA CleanupProtocol(3methodsattempted)
1. SpinColumnPurificationwithCentri-SepTMColumns(3 Hours)
a. Gentlytapthecolumnto causethegelmaterialtosettleto thebottomof
thecolumn.
b. Removetheupperendcapandadd0.8mlof deionizedwater.
c. Replacetheupperendcapandvortexor invertthecolumnafewtimesto
mixthewaterandgelmaterial.
d. Allowthegeltohydrateatroomtemperatureforatleast2hours.
Note:Hydratedcolumnscanbestoredforafewdaysat2-6°C.Allow
storedcolumnstowarmtoroomtemperatureb foreuse.Longerstorage
isnotrecommended.
e. Removeanyairbubblesby invertingortappingthecolumnandallowing
thegeltosettle.
f Removetheupperendcapfirst,andthenremovethebottomcap.Allow
thecolumntodraincompletely.
Note:If thecolumndoesnotbeginimmediately,applygentlepressureto
thecolumnwithapipettebulb.
g. Insertthecolumnintothewashtubeprovided.
h. Spinthecolumninamicrocentrifugeat730x gfor2minutestoremove
theinterstitialfluid.Notethealignmentofthecolumninthecentrifuge.[g
=11.18x rx (rpm/l00O)2whereg=relativecentrifugalforce,r =radius
oftherotorincm,andrpm=revolutionsperminute.Inourcase,730x g
=500RCF.]
Note:Spinthecolumnfornomorethan2minutes.Donotallowcolumn
todryout.
1. Removethecolumnfromthewashtubeandinsertit intoasample
collectiontube.
J. Removetheextensionreactionmixturefromitstubeandloaditcarefully
ontothecenterofthegelmaterial.
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k. Spinthecolumnagainat730xgfor2minutes.Ensurethathecolumnis
alignedasnotedinstep8.Thisis importantbecausethesurfaceofthegel
will beatanangleinthecolumnafterthefirstspin.
1. Discardthecolumn.Theplasmidtobesequencedisnowinthesample
collectiontube.
m. Drythesampleinavacuumcentrifugefor10-15minutes,oruntildry.Do
notover-dry.
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2. Ethanol/SodiumAcetatePrecipitationIn MicrocentrifugeTubes
Note:Use95%ethanolratherthanabsolute(100%)ethanol.
a. Preparetheethanol/sodiumacetatesolutionbycombiningthefollowing
foreachsample.. 3.0J.lIof 3 M sodiumacetate(NaAc),pH 4.6. 62.5fll of non-denatured95%ethanol(EtOH). 14.5fll of deionizedwater
Note:Thefinalvolumeshouldbe80J.lIforeachsample.
b. Add 80fll of thisEtOH/NaOAc solutionto20 J.lIof thereactionmixture.
c. Closetubesandvortexbriefly.
d. Leavethetubesatroomtemperaturefor IS minutestoprecipitatethe
extensionproducts.
e. Placethetubesinamicrocentrifugeandmarktheirorientations.Spinthe
tubesfor20minutesatmaximumspeed.IMPORTANT: Proceedtothe
nextstepimmediately.If thisisnotpossible,thenspinthetubesfor2
minutesmoreimmediatelybeforeperformingthenextstep.
f Carefullyaspiratethesupernatantswithaseparatepipettetipforeach
sampleanddiscard.Pelletsmayormaynotbevisible.IMPORTANT:
Thesupernatantsmustberemovedcompletely,asunincorporateddye
terminatorsaredissolvedinthem.Themoreresidualsupernatantleftin
thetubes,themoreunincorporateddyeterminatorswill remaininthe
samples.
g. Add 250J.lIof70% EtOH tothetubesandmixbriefly.
h. Placethetubesinthemicrocentrifugeinthesameorientationasstep5and
spinfor5minutesatmaximumspeed.
L Aspiratethesupernatantscarefully,asin step6.
J. Orythesamplesinavacuumcentrifugefor10-15minutesortodryness.
00 notover-dry.
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3. Ethanol/EDTAPreciQitation
Note:Thisprocedureuses100%ratherthan95%ethanol.
a. Add5J!Iof 125mMEDTA toreactionmixture.
b. Add 60 J!l of 100%ethanolto eachtube.
c. Fingervortexandincubateatroomtemperaturefor15minutes.
d. Carefullyaspirateoff thesupernatant.
e. Add60 J!l of 70%ethanol.
f. Spinsamplesinamicrocentrifugeatmaximumspeedat4°Cfor20
minutes.
g. Aspirateoffthesupernatant.
h. Air-drysamplefor20minutes.
D. PreparingandLoadingSamplesforCapillaryElectrophoresis
1. Add25J!LofTSRtotoeachsamplepellet.
2. Mix thoroughlyonavortexmixerandheatfor2minutesat95°c.
3. Chillonice,vortexthoroughly,andthenspinbrieflyinamicrocentrifuge.
4. Holdoniceuntilreadytoloadontheinstrument.
5. Transferthesamplesto0.5mL or0.2mL sampletubesandcoverwithtube
septa.
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IV. PROTEIN EXPRESSION AND CELL LYSIS
A. Materials
1. TerrificBroth(2x 900mlbatches)eachcontaining:
12gBactoTryptone
24gBactoYeastExtract
4mlof 100%Glycerol
Combinethethreeingredientsintotwo3L FernbachFlasks.Diluteto900ml
withdeionizedwater.Dissolvecompletely.Autoclave.
2. PhosphateBuffer(1000ml)
23gKH2PO4(monobasic-nothydrated)
164g K2HPO4.3HzO(dibasic-trihydrated)
Combinebothingredientsina2L Erlenmeyerflask.Diluteto1000mlwith
deionizedwater.Autoclave.
Note:AutoclavethetwoFernbachsandthebufferseparately.
3. Lysozyme(20mg/m!)
20mgLysozyme
1mlsteriledeionizedwater
Addwatertolysozymeandvortextodissolve.
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. 2x 900mlTerrificBroth. 1000mlPhosphateButTer. Lysozyme. LysisBuffer. StorageButTer. Dithionite. CarbonMonoxideGas. BioSpec1601Spectrophotometer
4. Lysis Buffer (200ml)
100mlTris-CI(50mMstock;pH8.0)
1mlEDTA (200mMstock)
1.17gNaCI(0.1M)
Combineallingredientsina250mlflask.Diluteto200mlwithdeionized
water.AdjustpHto8.0.
B. ProtocolforCellsHarvesting
1. Growminiculturesin2separateubes(oneforeachplasmid),eachcontaining
thefollowing:
. 10mlLB broth. 20!i1Ampicillin(25mg/mlstock)
Incubateonorbitalshakerat37°Cfor4 hours.
2. At inoculation,addthefollowingtothe3L Fernbackflaskscontaining900ml
TB:
. 100mlphosphatebuffer(final17mMmonobasic,72mMdibasic). 2mlAmpicillin(25mg/mtstock). 2 mlALA (0.25M stock- 2.14g/50ml;final0.5mM). 5mlcells
Incubatewithshakingat27°C,130rpm,overnight.
3. Nextmorning,inducewith:
. 4mlIPTG(stock0.125M; final0.5mM). 2 mlALA (0.25M stock- 2.14g/50ml;final0.5mM). 5mlAmpicillin(25mg/mlstock)
Incubatewithshakingfor2daysat24°C;54rpm
4. Harvestcells: TransferculturesfromtheFernbachtlaskstobottlesforGSA
centrifugerotors.Makesurebottlesareweightedsimilarfor centrifugation.
5. Spinat5000rpmfor10minutesat4°C.
6. Discardsupernatant.
7. Washcellsbyresuspendingin 10mMTrisHCI buffer(pH8.0).
30
8. Spinasabove,discardsupernatant.
9. StorepeHetedcellsat-20°C.
C. CellLysisProtocol
1. Weighout1gofbacterialcellsinatestubeor15mlFalcontube.
2. Add3mllysisbuffertoresuspendthepellet.
3. Add40-~llysozymesolution(20mg/mlstocksolution).
4. Incubateatroomtemperaturestirringoccasionally.
5. Add20~lDNAasesolution(3mg/mlstocksoiution)/gramofE.coli.
6. Incubatethemixtureat37':JCfor30minutes.
7. Breakupcel1swithaDounceHomogenizeronicefor20passes.Keepon ice
anddonotcreatebubbles;thiswill denaturetheprotein.
8. Add10%TergitolNP-IOdetergenttoafinalconcentrationf0.5%.
9. Centrifugeat12,000rpmfor10minutesat4°C. Savethesupernatant,which
canbestoredat-20°C.
D. SpectrophotometricAnalysisProtocol
1. Dilute1.5mlofbacterialcelllysate(supernatantfromlaststepofseries
above).WithanequalvolumeofGlycerol-containingStoragebuffer(50mM
KPO4;pH7.4,1mMEDTA,20%glycerol).Savetheremainderofthe
preparationforSDS-PAGE.
2. SplityoursampleintoaReference(rearof spec)andSample(frontofspec)
cuvette,placethecuvettesintothesplitbeamspectrophotometer(Shimadzu),
andruna"BaselineCorrection",Thiswillzerotheabsorbancetrom400to
500nm.
3. Removethecuvettes,andtransferthecontentsofthecuvettesbacktothetest
tubeusedtomakethedilution.
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4. Addasmallamountofdithionitetothesample,onceagaintransferthe
contentsotheReferenceandSamplecuvettes,andbubblecarbpnmonoxide
(CO)intotheSamplecuvette.
5. Placethecuvettesintotheappropriatepositionsinthespectrophotometer,and
beginscanningfrom400nmto500nm.Lookforaprominentpeakat420
nm.
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V. SITEDIRECTEDMUTAGENESIS
A. Materials
. ExperimentalPlasmids. 2OverlappingOligonucleotides(T302ARandT302AF). InvitrogenGeneTailorSiteDirectedMutagenesisSystem
B. MethylationProtocol
1. In amicrocentrifugetubecombinethefollowingreagents:
1III plasmidDNA
1.6III MethylationBuffer
1.6III lOxSAM (dilutedfroma200xSAM stock).
1.0III DAN Methylase(4 U/ul).
Diluteto 16III Sterile,distilledwater.
2. Incubateat37°Cfor 1hour.
C. MutagenesisProtocol
1. pGSTfl2B4plasmid:Inatubecombinethefollowingreagents:
5 f.llHighFidelityPCR SuperMix
1.511110mMdNTP
1.5III 10mMT302ARPrimer
1.5III 10mMT302AFPrimer
5 IIIMethylatedDNA
35.5mlAutoclaved,istilledwater
TOTAL VOLUME: 50III
2. ControlPlasmid: In atubecombinethefollowingreagents:
5 IIIHighFidelityPCR SuperMix
1.511110mMdNTP
1.5III ControlPrimers(IOmMeach)
5 IIIMethylatedDNA
37III Autoclaved,istilledwater
TOTAL VOLUME: 50III
3. Thermocyclingconditionsareoutlinedin Table2onpage12.
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4. Preparea 1.5%agarosegel:
1.5g Agarose
2.0ml 50XTAE
Diluteto 100ml withdeionizedwater
Microwavethesolutionuntilboiling
Cool toabout50°C-whilestirring
Add 5 III EthidiumBromide
5. Afterthereaction,analyze10-20III oftheproductona 1.5%agarosegel.
D. TransformationProtocol
ForaSingleReaction:
1. Thawoniceone50-IllvialofDH5--Tl cellsforeachtransformation.Thaw
forapproximately5-7minutes(nomorethan20minutes).
2. Pipet2 III fromeachmutagenesisreactionmixturedirectlyintoeachvialof
cellsandmixbytappingently.Donotmixbypipettingupanddown.Store
theremainingmutagenesisreactionat-20°e.
3. Capthevials,covercompletelywithice,andincubatefor7-10minutes.
4. Transferthevialsto atesttuberackandincubate ntirerackatoncefor
exactly30secondsin the42°Cwaterbath.Do notmixor shake.
5. Removerackof vialsfromthe42°Cbathandcoverwithicefor] minute.
6. Removefromice,de-cap,andadd200III ofpre-warmedsac mediumto
eachvial.
7. Recapvialsandplacesidewaysinamicrocentrifugerack.Securethevials
withtapeandshakeat37°Cforexactly1hourat225rpminashaking
incubator.
8. Whilethevialsareshaking,labeltheLB agarplatesandwarmthemforabout
30minutesina37°Cincubator.
9. Aliquot125III tfomeachtransformationvialontoalabeledplate.Donot
allowcellstosettlebeforeremovinganaliquot.If cellssettle,mixbytapping
thetube.
]O.Gentlyspreadthetransformationreactionontheplate.Storetheremaining
transformationreactionat+4°e.
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11.Invertheplatesandincubateat37°Cfor16-20hours.
12.Selectcoloniesandanalyzetheplasmidisolation,PCR,forsequencing.
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